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ABSTRACT  

Fluctuating demands and increased competition in Australia and 

Asian countries have been putting more pressure on plants for 

packaged meat products in Australia. Total Productive 

Maintenance (TPM) was seen a solution and is currently being 

implemented within a major meat processing facility in 

Melbourne, Australia for achieving high Overall Equipment 

Effectiveness (OEE).  Concerns were raised by board of directors 

due to OEE targets not meant.  TPM was initially applied in key 

areas of the business, thermoforming and packaging for reducing 

wastes and further enhancing productivity and quality. It is now 

being rolled out to other sections of the plant. Data collected from 

fifty-two weeks of production has been analysed and 

recommendations made to achieve OEE targets for the R145 

production line.  Risk based maintenance was applied to control 

adverse effects of packaging quality which significantly 

influences shelf life. Shelf life of a modified atmosphere 

packaged product assures safety for consumption of meat 

products by consumers.  Risk based maintenance considered asset 

failure probabilities, impacts on quality and availability of spare 

parts.  Reliability Centred Maintenance (RCM) resulted in a Risk 

score for each maintenance activity and as a component was used 

for TPM program.  Findings from this study have been passed on 

to the meat processing facility for implementation in the entire 

plant.  
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1. INTRODUCTION 
 

The prevailing dynamic global business scenario resulted in 

demands for novel approaches by meat processing plants in 

Australia to remain competitive. Some of the key objectives of 

this highly regulated industry are; retaining values of capital-

intensive assets and reducing failures to achieve higher 

productivity.  Total productive maintenance (TPM) was originally 

conceived in the United States as preventive maintenance (PM). 

In 1950, Seiji Nakajima considered as pioneer of TPM first 

modified and enhanced to fit it to the Japanese industrial culture. 

TPM is productive maintenance carried out by all the employees 

through small group activities [1].  TPM is also known now as an 

advanced manufacturing technique that focuses on maximizing 

the overall equipment effectiveness of any asset used in the 

production of goods and services [2].  These techniques have been 

used by various organizations now to increase business 

performance [3]. 

 

Figure 1.  TPM pillars [4]. 

 

Research findings have been used for improving equipment 

effectiveness, eliminating breakdowns, reducing costs and 

promoting autonomous maintenance.  Maintenance performance 

and its measure is an important part of reducing losses and 

productivity improvement [5]. Reliability improvement 

programmes have been used in various organizations for design, 
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configuration changes and maintenance intervals [6].  TPM has 

evolved into 8 major pillars [7] and now use whole organization 

approach for achieving high OEE.  

The overall equipment effectiveness (OEE) is an index now used 

in the manufacturing industry to calculate the effectiveness of a 

production system or its parts. The index was presented as a 

metric in TPM by [1] that takes into consideration the six big 

losses that affect the productivity. Equipment failure, setup, and 

adjustments are related to the downtimes and expressed in terms 

of availability. Idling and minor stoppages, together with reduced 

speed, are related to speed losses and expressed in terms of the 

performance rate [8].  Some researchers claim that the availability 

metric is influenced by factors beyond the equipment itself, such 

as operators, facilities, the availability of input materials, 

scheduling requirements, etc. They argue, OEE metric reflects the 

integrated equipment system and not the equipment itself [9]. 

Others pointed out that the OEE does not take into consideration 

all the factors that reduce the availability, such as the planned 

downtime and the lack of material and labour [10]. However, 

majority of researchers agree that OEE evaluates how effectively 

a manufacturing operation is utilized and is expressed well in 

terms of Performance, Availability and Quality. Performance is 

measured in terms of whether plant is operated as per expected 

speed, reduced speed or with minor stops. Availability is 

measured in terms of breakdowns and product changeovers. 

Quality is measured in terms of acceptance and rejects in start-up, 

during production runs and customer returns.   

OEE is now considered as an indicator of the health and 

performance of assets and productivity. Six big losses monitored 

and measured through OEE are [11]: 

1. Breakdowns 

2. Setup and Adjustment 

3. Small stops 

4. Slow running 

5. Start-up Defects 

6. Production Defects 

Effectiveness (OEE) is widely expressed as a function of 

availability (ã), Performance (P) and quality (Q). 

 

𝑂𝐸𝐸 =   ã × P × Q   [Eq 1] 

 

 

2. METHODOLOGY 
 

Historical OEE figures for two thermoforming packaging 

machines of the Australian meat processing plant have been 

compiled for over a period (July 2016 to Jun 2018) and analysed 

in Figure 2. 

Actual – Kg’s of finished goods (exclude rejects) 

Ideal – Reflects how many kg’s could be produced within the 

operating time based in ideal run rate. DTime – Downtime, 

OpTime – Operating Time. Figure2.  Noted decrease in OEE for 

R145 line from Jul 16 to April 18.  Root cause related to R145 has 

been further analysed.    OEE Calculation (Jul 16) are as follow: 

 

 

  

       

 

 

Figure 2. OEE data July 2016 to Jun 2018. 
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Figure 3.  Specific line issues from Jan 17 to Dec 17. 

 

3. DISCUSSIONS AND RESULTS 
 

Trending of historical data for R145 machine indicates that the 

major contributors to downtime were: 

 Product Changeover 

 Washdown/Cleaning  

 Sealing and other thermoforming issues 
In order to improve the productivity (OEE level), downtime was 

critically examined and following remedial measures were 

proposed:  

Product Change Over 

To cater for different types of packs produced mould, cutter and 

hence configuration changes were required with R145.  Change-

Overs were regarded as non-value-added activities and was a 

major contributor to low OEE.  SMED was applied in 4 stages 

[12]:  

1. Preliminary Stage: Internal and External Setups. 

2. Separate Internal and External Setup 

3. Convert Internal Setup to External Setup 

4. Streamline both Internal and External setup 

For this company, SMED was successful to one of its line 

(R530A) that was optimized in March 2016.   

Results of optimization [12]: 

 The average change over time for R530A on a 6-

die format 58 mins.  

 Stage 3 SMED brought the changeover time of 

thermoformer (51 min)  

 Stage 4 SMED reduced this further to 42 min. 

  A total reduction of 16 mins  
Washdown/Cleaning 

Food Industry in Australia has strict regulations concerning 

cleaning and sanitation.  Downtime allocated due to washdown 

does not include pre-operational checks.  A wash-down procedure 

is in place mainly to eliminate cross contamination and this is 

completed to specified schedules and standards.   Keeping wash-

down to minimum levels will increase OEE as per Eq1.  No 

immediate change will be brought to this process due to the 

complexity of the process linked to regulatory requirements.   

Sealing and other thermoforming issues  

Changes to current maintenance strategy can have an impact on 

modified atmosphere pack quality and hence food safety.  

Reliability Centered Maintenance (RCM) and TPM integrated 

together will lead to several benefits [13]. In this context, 

RCM has been applied to R145 to establish its maintenance 

requirements in its present operational context. RCM worksheets 

are given below: 

Table 1.  RCM Worksheet Basic Machine 

 

 

Table 2.  RCM Worksheet Product Loading 
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Table 3.  RCM Worksheet Forming Station 

 

 

Table 4.  RCM Worksheet Sealing Station 

 

 

Table 5.  RCM Worksheet Sealing/Printing 

 

 

 

 

 

 

 

 

 

 

Table 6. RCM worksheet cutting station 

 

 

Criticality matrix is referenced from [14]. A qualitative approach 

has been adopted as per criticality matrix and failure which fall in 

criticality value 3 and beyond was not subjected to the RCM 

decision.  The RCM logic is developed based on task allocation 

and a flowchart is created [14]. The maintenance options from the 

RCM logic was broken down into two sections namely; proactive 

task and default actions.    

 

Table 7. Result of RCM logic decision 

 

 

Before a specific task is selected, it was checked that it should 

reduce the consequences of the associated failure mode to an 

extent which is approved by the business.  Two issues which were 

considered are:  Age of asset against probability of failure and 

what happens once a failure occurs? As per the RCM worksheets, 

failed items such as sealing gaskets, valve seats and O-ring which 

are subjected to direct contact with the product, environment, gas 

and cooling water were recommended for replacements on a 6 

monthly basis as specified by OEM. Other items such as sealing 

dies, forming plates were monitored for deterioration.  The aim 

was to generate the best return by implementation of a total 

productive maintenance and condition monitoring program as per 

Table 8. 
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Table 8.  TPM plan for R145 

 

 

Critical items for the thermoformer were made mostly of 

consumables which are essential for the desired performance level 

of the machine.   Other items which have been found to be critical 

as per the RCM worksheet is also included in the critical spare 

parts list.  The spare parts list budget was estimated to be 8 % of 

acquisition cost ($680K) which is $ 54K. In addition to the spare 

parts, an estimation was also prepared for proposed TPM plan.   

Budget for labour requirements for R145 was calculated using an 

average base hourly rate of $35 for in-house maintenance works 

and $100/hour for external service by OEM.  Two service kits of 

$12K each was allocated for the 6 monthly external service 

bringing a total value of $24K for external service.  Additionally, 

this budget was recommended to be allocated based on coming 

year’s sales value.  

K = (Budget) / (Sales)     [Eq2] 

Next Year Budget value = K × (Forecasted Sales)  [Eq3] 

 

Table 9. Critical Spare Budget 

 

 

Table 10. Maintenance Budget for proposed TPM plan 
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Maintenance budget was developed using prioritization based on 

risk.  Maintenance activities for each of the 6 substations was 

planned based on criticality in terms of probability loss of asset 

function and effect on overall product quality.  The probability of 

loss of function/s, parts availability and impact on quality were 

estimated using historical data from OEM and production.  An 

overall risk score (Eq 4) criteria was developed as per Table 11. 

𝑅𝑖𝑠𝑘 𝑆𝑐𝑜𝑟𝑒 = (𝐴𝑠𝑠𝑒𝑡 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑓𝑎𝑖𝑙𝑢𝑟𝑒) 𝑋 (% 𝑒𝑓𝑓𝑒𝑐𝑡 𝑜𝑛 

𝑞𝑢𝑎𝑙𝑖𝑡𝑦) 𝑋 (𝑃𝑎𝑟𝑡𝑠 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦)    [Eq4] 

 

Table 11.  Risk Score 

 

Activities with risk value of 4 and above were given upmost 

importance and therefore budget was allocated including 

emergency repairs and external services. For low risk activities (1 

to 3), budget was allocated in line with total risk score.   

 

Table 12 Maintenance prioritizing based on risk 

 

Organizational culture was identified as an important factor in 

implementing TPM.  Barriers observed were [15]: 

 Behavioral barriers 

 Technical barriers 

 Human and Cultural barriers 

 Strategic barriers  

 Operational barriers 

4. CONCLUSIONS 
 

There were issues in the Meat processing plant that OEE targets 

were not meant.  In this study SMED technique is applied to 

critical assets requiring lengthy changeovers. TPM is applied in 

key areas of the business, thermoforming and packaging. Data 

collected from fifty-two weeks of production has been analysed 

and recommendations are made to achieve OEE targets.  RCM is 

being implemented to optimize OEE by reviewing maintenance 

requirements and prioritizing maintenance based on risks.  No 

immediate changes have been proposed to the cleaning and 

sanitation processes due to its complexity.  Any improvements 

with the washdown processes will be done in conjunction with the 

Quality Assurance Department.  This study resulted in significant 

improvement of OEE by reducing wastes and further enhancing 

productivity and quality and is being rolled out into entire plant. 
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